Sensitivity analysis conducted using the model demonstrates the applicability of the model for quantifying consumption adjustment patterns in response to rising fuel prices. It is found that households adjust their food consumption, vehicular purchases, and savings rates in the short run. In the long term, adjustments are also made to housing choices (expenses), calling for the need to ensure that fuel price effects are adequately reflected in integrated microsimulation models of land use and travel.
INTRODUCTION
In 2008, the real value of fuel prices rose to record levels in the United States (and many other countries around the world). Transit agencies reported significant increases in ridership (APTA, 2008) , and for the first time since the fuel crisis era of the late 1970s and early 1980s, total vehicle miles of travel (VMT) showed a decline between 2007 and 2008 in the United States (FHWA, 2008) . Fuel prices had been steadily rising since 2003, but it appears that the record set in 2008 at $4 per gallon proved to be a tipping point where individuals and households started making adjustments to their travel behavior, resulting in a drop in VMT. Several media reports in 2008 anecdotally described these adjustments in consumption patterns and activity-travel behavior (MSNBC, 2008abc; Kaiser, 2008) .
While the fuel price increase has waned in the past couple of years or so, the higher fuel prices in 2008 have had a dramatic impact on the automotive industry. The big three automakers in the United States, who have relied heavily on the sales of large vehicles such as SUVs and trucks, reported record losses of staggering figures in 2008 (Austin, 2008) . This is because households are migrating to smaller and more fuel-efficient hybrid vehicles as they turnover their vehicle fleet in the household in response to the high price of fuel as well as related environmental issues. In the United States, the rise in fuel prices in 2008 was simultaneously met with a slumping housing market and record housing foreclosure rates, resulting in households losing the equity that they thought they had built up in their homes. These economic forces created the perfect storm requiring households to adjust their consumption patterns, activitytravel behavior, and expenditures for various commodities and goods (Olvera et al., 2008) .
How do households respond when the price of fuel increases? How do household adapt their consumption patterns, in terms of the monetary expenditures allocated to various categories of goods and services? Household activity-travel patterns are closely related to household consumption patterns and monetary expenditures. When households engage in more consumption of goods and services outside the home (such as eating out, going to the movies, and shopping), this directly leads to more activities and travel consistent with the behavioral paradigm that travel demand is a derived demand. Unfortunately, there has been little work examining household expenditure patterns across the entire range of goods and services consumed by households and how these patterns change in response to price increases in the transportation sector, especially the types of trade-offs or adjustments that households would make in their consumption patterns. What are the short-term and long-term effects on consumption patterns in response to fuel price increases? In addition, there has been little research (other than research by Anas, 2007) in the area of integrating activity-travel demand and monetary expenditures or consumption patterns in a unified framework. Given that dimensions of travel, consumption, and monetary expenditures are all closely inter-related, and major advances have been made in modeling complex inter-related phenomena, the time is ripe to move in the direction of developing integrated models of activity-travel demand and monetary expenditures of consumption. Before such integrated models can be developed, however, human consumption patterns and monetary expenditures for various goods and services need to be understood and modeled.
This paper presents a comprehensive analysis of consumer expenditures in the United
States using disaggregate consumption data from the 2002 Consumer Expenditure Survey conducted by the Bureau of Labor Statistics (BLS). A multiple discrete continuous nested extreme value (MDCNEV) modeling methodology is employed in this paper to explicitly recognize that people choose to consume various goods and commodities in differing amounts.
The methodology accommodates the possibility of zero consumption of certain commodities and the nesting structure in the model accounts for correlations between the stochastic terms of the utilities of different expenditure categories. The paper also provides estimates of short-term and long-term impacts on household consumption patterns in response to increases in fuel prices to show how the modeling methodology is suited to answering the types of questions raised in this introductory section of the paper. By considering a comprehensive set of expenditure categories, the model is able to provide a full picture of household adjustment patterns.
The paper starts with a brief discussion of this topic in the next section. Some key references that address transportation-related expenditures are identified and discussed to place this piece of work in the context of existing literature on the subject. The data set, modeling methodology, estimation results, and sensitivity analysis are then presented in the subsequent sections of the paper in that order. The final section offers concluding thoughts and directions for future research.
UNDERSTANDING TRANSPORTATION-RELATED CONSUMER EXPENDITURES
The field of travel behavior has long recognized that travel demand is a derived demand, derived from the human desire and need to participate in activities and consume goods and services distributed in time and space (Jones, 1979; Jones et al., 1990; Bhat and Koppelman, 1999; Pendyala and Goulias, 2002) . While most travel demand models recognize this activity-based nature of travel demand, they ignore the consumption side of the enterprise, possibly due to the lack of data about and/or the inherent difficulty with modeling consumption patterns and the monetary expenditures associated with such patterns. A recent attempt by Anas (2007) to develop a unifying model of activities and travel and monetary expenditures is an exception and provides a framework for considering the integration of these concepts. As mentioned in the previous section, the rise in fuel prices has provided a major impetus to move in the direction of comprehensive modeling of activity-travel demand and human consumption and monetary expenditure patterns.
It is possible that a reason for the relatively little attention to the expenditure side of the enterprise is because the cost of transportation in many developed countries has been rather stable or even decreasing (on a per-mile basis) for many years. This has certainly been the case in the United States for nearly 30 years, since about the late 1970s. Also, this has been true in several other developed countries. For example, Moriarty (2002) analyzed data for Australia and several OECD countries and found that the income share expended on transport expenses has been fairly constant in recent decades at the aggregate level, although substantial variations do exist across demographic groups defined by income and regional location. The study also noted that, in developed countries, private motoring costs dominate total household transport expenses, accounting for about 80 percent of total household transportation expenditures.
There is also considerable academic research that has documented the relative inelasticity of demand to fuel price increases (Puller and Greening, 1999; Nicol, 2003; Bhat and Sen, 2006; Li et al., 2010) . In fact, several studies have found that the short-run price elasticity of fuel has decreased considerably over time. For example, Hughes et al., 2006 observed that the short-run price elasticity of gasoline demand ranged from -0.034 to -0.077 between 2001 and 2006, compared with -0.21 to -0.34 between 1975 and 1980 . Other studies have also found similar results (Espey, 1996; Small and Van Dender, 2007) . Using Consumer Expenditure Survey data, Cooper, 2005 and Gicheva et al., 2007 Oladosu (2003) found that only the newest vehicle in a household with multiple vehicles is expenditure inelastic. A number of other disaggregate-level studies have also looked at the impact of higher fuel price on household vehicle composition and usage. For example, Feng et al., 2005 found that an increase in fuel price reduces a two-vehicle owning household's probability to choose a combination of a car and a sports utility vehicle, with a corresponding increase in the household's probability of choosing two cars. Other studies (Ahn, et al., 2008; Li et al., 2008; Bento et al., 2005) have found that higher fuel price (either due to an increase in fuel price itself or due to an increase in gasoline taxes) would affect households' vehicle composition in two ways: (a) by encouraging households to purchase more fuel efficient vehicles, and (b) by encouraging the scrappage of old "gas guzzling" vehicles. In addition, higher fuel cost would also reduce total vehicle miles of travel (VMT) (Feng et al., 2005; Bento et al., 2005 Bento et al., , 2009 ), which can be translated into lower fuel consumption at the household level.
Overall, while the field is witnessing an increasing number of disaggregate-level studies focusing on household and individual travel responses to fuel price and related transportation expense increases, the general results of these studies and other aggregate-level studies suggest only small to moderate direct changes in vehicle ownership and use. As a result, any substantial changes in fuel prices (as witnessed in 2008) would lead to an increase in transportation expenditure, suggesting that the trend of a constant transport expenditure share may not hold any longer. Specifically, increases in fuel expenditures are likely to significantly decrease the disposable income available to households, which in turn may impact the overall consumption patterns for various goods and services as cost of living rises (Fetters, 2008) . In addition, increases in fuel-related expenditures may result in reductions of household savings, unless the household specifically adjusts all other consumption patterns to compensate for the rise in fuel expenditures. Any changes in consumption patterns are likely to have an impact on activity patterns as well.
Given that transportation accounts for nearly 20 percent of total household expenses and 12-15 percent of total household income, it is no surprise that the study of transportation expenditures has been of much interest. In fact, the study of household expenditure patterns can be traced as far back as the middle of the 19 th century (e.g., Engel, 1857) . Several early household expenditure studies did focus on transportation-related expenses to assess the proportion of income and total household expenditures that are related to transportation (e.g., Prais and Houthakker, 1955; Oi and Shuldiner, 1962) . Nicholson and Lim (1987) offer a review of several early studies of household transportation-related expenditures. More recently, there has been a surge in studies examining household transportation expenditures, at least partly motivated by the rising fuel prices around the world and the growing concern about modal access to destinations for poorer segments of society that may not have access to a personal automobile.
Recent work by Liao (2005, 2006) NBER processes the original CEX survey data of BLS to consolidate hundreds of expenditure, income, and wealth items into 109 distinct categories (Harris and Sabelhaus, 2000) .
These microdata extracts are provided at the NBER website in two different files -a family file that contains household level income, expenditure, and basic household demographics, and a member file that contains additional demographic information on each household member. In order to facilitate the analysis and modeling effort of this paper, the data was further processed in the following manner:
1. Different family files containing the annual expenditures were merged to form an annual expenditures file for the year 2002. 1 1 Note that the CEX data, while extensive in many ways, also collects expenditures in quarterly periods. In the current analysis, we used CEX estimates that translate these quarterly estimates into annual expenditures. Several assumptions are made in this conversion, and a description of these is beyond the scope of this paper. The reader is referred to BLS (2003) for the CEX survey documentation. By using annual expenditures, we are considering an annual time horizon for capturing expenditure pattern choices rather than smaller periods of time. However, by doing so, we are also ignoring seasonal variations in expenditure patterns (for example, more proportion of expenditure on clothing/apparel than in other categories during the holiday season). Also, the CEX survey does not collect location information on household residences or activity participation locations (i.e., locations where the actual spending take place). Hence, expenditures cannot be related to location characteristics, sales information, etc.
2. The annual family file was integrated with the member file to form a single file including both individual and household level information.
3. Only households with complete information on all four quarters were extracted and selected for analysis. Other screening and consistency checks were applied as well.
4. The 109 categories of expenditure and income were further consolidated. Appropriate groups were aggregated to calculate net household annual income (after taxes), and form 17 broad categories of annual expenditure. The first column of Table 1 provides the list of all aggregate expenditure categories, and the subcategories within these expenditure categories.
5. An annual household savings variable was computed by subtracting total annual expenditure from the total net annual income. If savings were negative (which is possible when households go into debt on their credit cards, for example), then the savings variable was recoded to zero.
6. A budget variable was created by adding expenditures across all 17 expenditure categories and savings. If the income is greater than the sum of expenditures (i.e., for households with positive savings), the budget is equal to the income; otherwise, the budget is equal to the sum of expenditures (as there is no savings).
7. All expenditures and savings were converted into proportions (or percentages) of the budget variable.
The final sample for analysis includes 4084 households with the information identified above. A comparative analysis of the annual expenditures of these selected households with the larger unscreened CEX sample indicated no substantial differences in the 17 expenditure categories.
Thus, to the extent that the CEX sampling procedures were focused on obtaining a representative sample of US households, the sample used in the current analysis may also be viewed as a reasonably representative sample of US households in terms of expenditures. 2 Descriptive statistics for expenditures on the 17 categories are furnished in Table 1 for this sample of households. It is found that all households incurred expenditures for housing, utilities, and food. Only about 63 percent of the households reported savings of greater than zero. All other households report savings of zero or less; all negative values were recoded to zero. It is possible that some households have assets that are not sources of regular income and therefore not captured in this survey, which may be the reason for an apparent negative savings. Also, households in the lower income brackets may not be able to save as they live paycheck-topaycheck, leading to zero or small negative values of savings over the course of the year (a more detailed analysis of the data indeed showed that many households in the zero/negative savings category did fall into the lower income brackets). In the cases above, recoding negative savings values as zero has the advantage that it may be a good correction mechanism to obtain a more accurate indication of income for some households and also enables us to retain households in the low income category. However, some other households may have large lump-sum payments in a given year, for example, in the context of a large down payment for a housing purchase or a car purchase. In such years, savings from other years may be used to pay the large payments. In this case, recoding negative savings values to zero would artificially inflate annual income. A more appropriate procedure would be to undertake an analysis over several years of annual expenditures (or even quarterly expenditures), so that such inter-temporal effects and dynamics in expenditure patterns can be accommodated. This is an important area for future research.
The last column of Table 1 indicates that no household consumes in just one single category. In fact, all households expend income on housing, food and utilities, and all households consume at least two additional categories beyond the three essential categories of housing, food, and utilities. The MDCNEV model used in the current paper is able to account for such multiple category consumption patterns, where households spend resources on several categories and no resources on others. The MDCNEV model is able to do this without having to deal with sample selection or zero-inflation data issues. Moreover, the MDCNEV model is based on the theory of random utility maximization, a theoretical framework embodying much of discrete choice modeling in the field of transportation and consumer demand.
MODELING METHODOLOGY
The methodology adopted in this paper uses a resource allocation modeling framework, in which the household income is apportioned to the 18 categories (including savings) identified in the previous section. The MDCNEV modeling methodology, formulated by Pinjari and Bhat (2010) , is an extension of the original non-nested version called the multiple discrete continuous extreme value (MDCEV) model formulated by Bhat (2005 Bhat ( , 2008 . The MDCEV framework is a utility maximization-based resource allocation model, and is based on the assumption that households spend on different types of goods and services to satisfy needs and desires. This is achieved by incorporating diminishing marginal returns with increasing expenditure in each good/service to represent satiation effects. The model also allows for corner solutions in that households may choose not to spend on certain categories (e.g., alcohol and tobacco products). The MDCNEV model extends the MDCEV modeling framework to incorporate unobserved interdependencies among various categories of goods and services. More specifically, the nested extreme value extension of the MDCEV model captures correlations between the stochastic utility terms of different expenditure categories. This section presents the model formulation; the discussion on the MDCEV model is drawn from Bhat (2005 Bhat ( , 2008 and that of the MDCNEV model is drawn from Pinjari and Bhat (2010) .
Consider the following additive non-linear functional form for utility (Bhat, 2008) :
In the above utility function, the total utility derived from the allocation process is assumed to be the sum of sub-utilities derived from the proportions allocated to each consumption category or alternative k (in the current empirical analysis, k = 1, 2, 3,…, 18). Specifically, U(t) is the total utility derived from allocating a non-negative amount k t of the total budget to each consumption (or expenditure) category (or alternative) k, including savings 3 ; and k ψ , k α and k γ are the parameters associated with alternative k, each of which is discussed below.
The term k ψ in the above utility function corresponds to the marginal random utility of one unit of consumption of alternative k at the point of zero consumption for the alternative (as can be observed from computing
, which is equal to k ψ ). k ψ controls the discrete choice consumption (or not) decision for alternative k. Thus, this term is referred to as the baseline preference parameter for alternative k. The reader will note here that along with the discrete choice decision, k ψ also controls the continuous choice decision (how much to consume) for alternative k (as can be observed from the presence of k ψ in the expression for the marginal utility of consumption for non-zero consumption:
To complete the baseline parameter specification, the baseline parameters are expressed as functions of observed and unobserved attributes of alternatives and decision-makers as below:
In the above expression, the observed attributes are specified through the vector k z of attributes characterizing alternative k and the decision-maker. 4 The unobserved attributes are (or the stochasticity is) introduced through a multiplicative random term k Having discussed the functional form of the utility structure and the role of each parameter in the utility function, the budget allocation problem may now be formulated. From the analyst's perspective, the household maximizes the random utility subject to a linear budget constraint and non-negativity constraints on k t : 1 (where is the total budget) and 0 ( 1, 2,..., )
The analyst can solve for the optimal consumption pattern by forming the following Lagrangian and applying the Kuhn-Tucker (KT) conditions. As derived in Bhat (2008) , these KT conditions collapse to:
where,
The stochastic KT conditions of Equation (4) can be used to write the joint probability expression of expenditure allocation patterns (i.e., the consumption patterns) if the density function of the stochastic terms (i.e., the k ε terms) is known. In the general case, let the joint probability density function of the k ε terms be g ( 1 ε , 2 ε , …, K ε ), let M alternatives be chosen out of the available K alternatives, and let the consumption amounts of the M alternatives be * * * * 1 2 3
( , , , ..., ).
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As given in Bhat (2008) , the joint probability expression for this consumption pattern is as follows: 
where J is the Jacobian whose elements are given by (see Bhat, 2005 )
In the probability expression above, the specification of g ( 1 ε , 2 ε , …, K ε ) (i.e., the error term structure) determines the form of the consumption probability expressions. To derive the MDCNEV probability expressions, Pinjari and Bhat (2010) used a nested extreme value distributed structure that has the following joint cumulative distribution: th 1 2 1 n e s t ( , ,.., ) exp exp
In the above expression, s ( 1, 2,..., )
is the index to represent a nest of alternatives, K S is the total number of nests the K alternatives belong to, and (M + + + = ). Using the nested extreme value error distribution assumption specified in Equation (6) (and the above-identified notation), Pinjari and Bhat (2010) derived that the expression in Equation (5) 
In the above expression, ( ) r sum X s is the sum of elements of a row matrix r X s (see Appendix A for a description of the form of the matrix r X s ).
As indicated in Pinjari and Bhat (2010) , the general expression above represents the MDCNEV consumption probability for any consumption pattern with a two-level nested extreme value error structure. This expression can be used in the log-likelihood formation and subsequent maximum likelihood estimation of the parameters β , , k α k γ , and s θ (subject to appropriate identification considerations; see Bhat, 2008) for any dataset with mutually exclusive groups (or nests) of interdependent alternatives (i.e., mutually exclusive groups of alternatives with correlated utilities) and multiple discrete-continuous choice outcomes. Further, it may be verified that the MDCNEV probability expression in Equation (10) 
MODEL ESTIMATION RESULTS
The MDCNEV model was estimated by normalizing the expenditures in each category by the total budget, so that the endogenous allocations to individual categories are in the form of percentages. Explanatory variables in the model included household socio-economics, personal demographics, and residential and regional location variables. Non-linear effects of vehicle ownership were captured, either by introducing dummy variables for different car ownership levels or by using a spline specification for multi-car households. These variables will be described later in the context of the discussion of the model estimation results.
Model estimation results are presented in Table 2 . The baseline preference constants (elements of the β vector) in the first row are introduced with the housing category as the base category (i.e., the housing category is introduced with an effective coefficient of zero). These constants do not have any substantive interpretations, and simply capture generic tendencies to spend in each category as well as accommodate the range of the continuous variables in the model. However, all baseline preference constants, except the one for food, are negative, indicating the much higher percentage (100%) of individuals spending a non-zero amount of their budget on housing relative to other categories.
All satiation parameters ) ( k α are fixed to zero in this model estimation effort to facilitate the estimation process. Several different model specifications were tried and the specification where all satiation parameters were set to zero yielded the most intuitive results with the best goodness-of-fit (see Bhat, 2008 for empirical identification constraints that generally need to be imposed when the satiation and translation parameters are both considered). The translation parameters ) ( k γ presented in the third row capture the variation in the extent of non-linearity (or the extent of decrease in marginal utility) across different expenditure categories. Thus, as indicated in the modeling methodology section (Section 4), these parameters account for diminishing marginal returns or satiation effects in the consumption of various categories. These parameters also facilitate zero consumption on multiple categories (corner solutions). There are no translation parameters for the housing, utilities, and food categories because these items are consumed by all households. For all other expenditure categories, as the magnitude of k γ increases, the rate of decrease in the marginal utility (i.e., satiation effects) decreases and the proportion of spending increases (the reader is referred to Bhat, 2008 for a detailed discussion on the role of the translation parameter). All of the translation parameters are statistically significant at any reasonable level of significance (as evidenced by the large t-statistics provided beneath the coefficients), implying that there are zero consumption patterns and satiation effects for all categories. The value is highest for the vehicle purchase and savings categories, indicating that households are likely to allocate a large proportion of their budget to acquiring a vehicle and to savings, if they expend any money in these categories. The lowest value is for personal care, education, and public transportation, suggesting that the lowest proportion of money is allocated to these categories and satiation is reached very quickly for most households in these categories.
These findings are all consistent with the descriptive statistics in Table 1 .
The coefficients associated with an array of explanatory variables are provided in the next several rows of the table. If there are no coefficients corresponding to a variable for certain expenditure categories, it implies that these categories constitute the base expenditure categories off which the coefficients on that variable for other categories need to be interpreted. Thus, a positive (negative) coefficient for a certain variable-category combination means that an increase in the explanatory variable increases (decreases) the likelihood of budget being allocated to that expenditure category relative to the base expenditure categories. For example, as household size increases, the proportion of total income share expended on food increases relative to other categories (see Gicheva et al., 2007 for a similar result). This is also true for the income share spent on utilities, while the income share expended on housing tends to decrease with an increase in household size. It is possible that, as household size increases, income increases as well; as such, even though households do not allocate less absolute dollar amounts to housing, the proportion of income accounted for by housing decreases, contributing to this negative coefficient. The presence of children contributes to higher proportions of income allocated to housing, clothing, education, and vehicle purchases, but lower proportions allocated to alcohol/tobacco and savings. These findings are consistent with expectations. For example, Bhat and Sen (2006) found that households with children are more likely to own spacious (and relatively expensive) SUVs and minivans relative to passenger cars, increasing expenditures on vehicle purchases.
Households with multiple workers tend to allocate a higher proportion of the budget to numerous categories including alcohol/tobacco, clothing, education, vehicle purchases, other transportation expenses, and savings. In an earlier study, Thakuriah and Liao (2005) also found a similar result in the context of vehicle purchases and transportation expenses. Higher income groups tend to spend a lower proportion of their resources on numerous expenditure categories including utilities, food, personal care, health care, and transportation. Indeed, as the budget available goes up, one would expect the proportions allocated to these items to go down, and this is corroborated by the negative coefficients (see Huggett and Ventura, 2000 and Dynan et al., 2004 for related research on saving patterns of different income groups). However, higher income groups do apportion a higher income share to air travel. Also, the middle income group spends a higher proportion on vehicle purchases, possibly due to the cost of a vehicle constituting a large proportion of their income.
Multicar households tend to allocate a greater proportion of their income to vehicle purchases, presumably to add more vehicles or replace existing ones, as evidenced by the positive coefficients associated with two-and three-car households. As expected, these households also allocate higher proportions of income to fuel and motor oil. Home owners tend to spend a smaller proportion on housing, food, alcohol/tobacco, clothing, and public transportation, but a higher proportion for utilities and household maintenance. These findings are consistent with the notion that home owners, on average, earn higher incomes than home renters (Paulin, 1995; Di et al., 2007) , but home maintenance can prove expensive. Similarly, the negative coefficient on the savings variable does not necessarily mean that home owners save less; it simply means that the proportion of their income (which is higher than that for renters) allocated to savings is lower.
Virtually all of the other findings are consistent with expectations. Also, the remaining variables do not have a significant impact on vehicle acquisition or maintenance/operation related expenditure percentages. As such, the remaining findings are noted only briefly. In comparison to Caucasians, other ethnic groups spend a lower proportion on alcohol/tobacco and entertainment and recreation, but spend a higher proportion for public transportation. These findings suggest that there are differences across ethnic groups with respect to income, transportation expenditures, and use of transportation modes. Males allocate a larger proportion to alcohol/tobacco, but less to clothing and education. Those who are younger allocate higher proportions to housing, alcohol/tobacco, entertainment, and education, but lower proportions to health care and business services and welfare activities. Higher education is associated with greater allocation of resources to education and business services. Those who are married allocate higher proportions to health care and business services, but lower proportions to alcohol and tobacco. Those who are widowed/separated/divorced allocate lower proportion to clothing, but higher proportion to health care, presumably because these individuals are either elderly or seek counseling.
Those in urban areas allocate higher proportion of income to housing, reflecting the higher prices of housing in urban areas. They also spend higher proportions on public transportation, once again reflecting the urban area effect. Several regional differences are also noted with those in the Northeast spending higher proportions of income on housing, clothing, entertainment, and public transportation (relative to those in the South). Midwesterners spend higher proportions for household maintenance and education as well. Those in the West not only spend higher proportions for all of these aforementioned categories, but also for air travel. On the other hand, they spend smaller proportion for utilities and for savings. In general, these findings reflect regional differences in housing prices, income levels, and prices of goods and services (BLS, 1998) . Several configurations for nests among different alternatives were considered and estimated, and later refined based on intuitive and statistical considerations. The final specification includes four nests:
1. Housing, utilities, household maintenance, and business services and welfare activities 2. Food, alcohol/tobacco products, and entertainment and recreation 3. Clothing and apparel, and personal care 4. New/used vehicle purchase, fuel and motor oil, vehicle insurance, and vehicle operation and maintenance.
The nesting parameters are shown in Table 2 ; all of the parameters are significantly greater than zero and less than one, suggesting that the nesting structure adopted here is appropriate for modeling household consumption patterns for multiple categories. This means that there is a high degree of correlation among alternatives within individual nests. This is quite reasonable as there may be several common unobserved factors that could affect all alternatives within a nest.
Households that are "home-oriented" may allocate higher proportions of income to all categories in the first nest, those that are "out-of-home oriented" may allocate higher proportions to all categories in the second nest, those that are "personal appearance oriented" may allocate higher proportions to all categories in the third nest, and those that are "driving-oriented" may allocate higher proportions to the fourth nest categories. These personal and household orientations or proclivities/attitudes may constitute unobserved factors that simultaneously impact household percent expenditures on categories within individual nests.
The log-likelihood value for the MDCEV model with only the constants and satiation/translation parameters is 150620 − . The corresponding value at convergence for the fully specified MDCEV model is 7 . 146552 − and that for the fully specified MDCNEV model is 6 . 142821 − (for four additional parameters corresponding to the four nests). The likelihood ratio test statistic comparing the MDCEV and MDCNEV is 7462.3, which is much higher than the critical 2 χ value with four restrictions at any level of significance. This suggests that the MDCEV model form may be rejected in favor of the MDCNEV model adopted in this paper.
SENSITIVITY ANALYSIS
The model presented in this paper can be used to analyze how households adjust their consumption patterns in response to increases in expenditures in one or more of the 17 expenditure categories considered in the paper. In the context of the current fuel price increase, such sensitivity analysis can shed light on how households respond and adjust to rising expenditures on fuel and motor oil. This is a reasonable assumption in light of findings reported in several studies in the literature (reviewed earlier in this paper) suggesting that fuel demand is highly price inelastic. Such an increase in fuel and motor oil expenditures is likely to significantly decrease the disposable income available to households, which in turn may impact overall consumption and savings patterns. Results of the sensitivity analysis conducted in this study are consistent with this conjecture and offer quantitative estimates of the adjustments that would occur as a result of the change in proportion of income allocated to the fuel and motor oil category of expenditure.
Policy simulations were carried out in this study for two different scenarios, a short-term scenario and a long-term scenario. For both scenarios, the total budget (or total annual income)
was assumed constant and to remain the same, while the fuel expenditures were assumed to double. For example, if a household's expenditure on fuel was 5 percent of its total budget (or income) in the base case, it was increased to 10 percent in the policy scenario. Subsequently, the model estimates were used to apportion the remaining 90 percent of available budget among the remaining expenditure categories and savings. For the short-term scenario, however, several fixed or long-term expenditures were assumed to remain constant and unaffected by rising fuel prices. These categories included housing, utilities, education, health care, and vehicle insurance.
Expenditure allocations could change only for the other categories. For the long-term scenario, no expenditure category was assumed to be fixed in value.
Policy scenario simulation results are shown in Table 3 . The average increase in terms of percentage points (i.e., the increase in the percentage of total budget allocated to fuel expenditures after doubling each individual's fuel expenditure, averaged across all individuals) is 2.95. The percent values shown in the table are average percent values predicted by the model for both the base case and policy scenario (where fuel prices double), while the difference of these two provides the average drop in percentage points for the various non-fuel expenditure categories (the sum of these drops across the different non-fuel expenditure categories is ). 95 .
−
As expected, the table shows that adjustments are made across the board, even in the short-term.
The two largest adjustments are made in savings and food expenditures. Savings take a hit as households have to spend more resources for fuel. Next food consumption takes a hit as households tend to eat-out less often and purchase less expensive or promotional items from the grocery store for their meals at home. These findings are consistent with several reports (Peterson, 2006; Gicheva et al., 2007) and anecdotal evidence and poll data reported recently in the media (Linn, 2008; Kaiser, 2008; MSNBC, 2008c) . The next category most affected is that of vehicle purchases, another finding that is consistent with recent reports of lagging sales of vehicles for virtually all automobile manufacturers (MSNBC, 2008a) . It is very possible that households are postponing vehicle purchases or buying a cheaper/smaller car in response to rising fuel prices, even in the short term. Other categories that take a hit include discretionary spending items such as entertainment and recreation, clothing and apparel, and alcohol and tobacco products. It is interesting to note that vehicle operating and maintenance expense category also shows an adjustment. This may be due to households choosing to use regular grade fuel (as opposed to premium fuels), traveling fewer vehicle miles, and servicing their vehicle less frequently (e.g., having an oil change done every 5000 miles instead of 3000 miles). Finally, household maintenance projects also seem to be potentially postponed as households grapple with the increase in fuel price.
The long-term shifts in expenditure patterns generally mirror the patterns seen in the short term, except that one can clearly see the longer-term dynamics that may occur. Besides savings, food, and vehicle purchases (which experienced the largest shifts in the short-term as well), housing and utilities show major adjustments in percent expenditures. The drop in percentage points allocated to housing is 0.50 while that for utilities is 0.28. These findings suggest that, in the longer term, households may shift to less expensive housing, smaller housing (where utility costs would be lower), and potentially, housing that is closer to destination and job opportunities. The lower percent for vehicle operating and maintenance costs is also indicative of this. It is interesting to note that there is no appreciable shift in share of expenditure for public transportation, suggesting that individuals would first make adjustments elsewhere before they shift to public transportation in any significant way. This is a very critical finding with key implications for the transit industry. Although there are likely to be minor shifts to transit in response to higher fuel prices, it is likely that these shifts will be largely inconsequential even in the long run, unless transit services are dramatically improved. Households will cut back on everything from housing to discretionary recreation and travel so that they can absorb the higher percent of income that they must allocate to fuel. This is consistent with the recent finding that the elasticity of vehicular travel to fuel prices appears to be about FHWA, 2008) . In other words, even a doubling (100 percent) of fuel price will bring about only a 10 percent decrease in vehicle miles of travel. Thus, it is clear that households are making a range of adjustments across various expenditure categories to accommodate the fuel price increase and maintain a largely steady level of vehicular travel (Pendyala, 2008) . On the other hand, many of these adjustments (such as less entertainment and recreation, food consumption, and vehicle purchases) suggest that rising fuel prices can have substantial effects on the economy as people decrease their discretionary activity engagement and goods consumption. In turn, these behavioral adjustments will have effects on the spatial distribution of population and employment, and on activity-travel patterns and demand, which need to be reflected in integrated activity-based microsimulation models of land use and travel.
SUMMARY AND CONCLUSIONS
This paper presents a comprehensive analysis of household expenditures across an array of to various categories and savings. The nesting structure was found to offer superior statistical goodness-of-fit in relation to a model specification that does not incorporate a nesting structure (i.e., assumes independence across all category utilities).
The model was used to perform a sensitivity analysis to examine how households would adjust their consumption patterns, both in the short and long term, in response to increases in fuel price. It is found that, in the short term, households make adjustments in their savings rates, food consumption (such as eating out), and vehicle purchases. In the long term, households make similar adjustments to these categories, but also make major shifts in housing and utilities expenditures, suggesting that adjustments are made to residential location and/or housing unit type. Vehicle operating and maintenance expenses are also cut back, suggesting that individuals drive less, shift to more fuel-efficient vehicles in the long run, and cut back on the level of maintenance.
This study has several important implications for the field. From a methodological standpoint, the paper offers a robust approach for modeling household consumption patterns, including expenditures for transportation. As the profession moves towards integrated modeling of household and individual consumer choices, this approach makes it possible to incorporate considerations of monetary expenditures in activity-based models of travel demand. Such an integrated framework would allow activity-based travel demand models to lend themselves more directly to evaluating quality of life issues. From a policy standpoint, the analysis methodology and empirical results presented in this paper offer key insights into how consumers adjust their expenditures in response to rising fuel prices. It is found that individuals get affected in all categories as they try to maintain mobility levels and absorb the higher costs of fuel. It can be seen that individuals do not shift appreciably to transit, and yet cut back on such essential items as housing and food. These effects are likely to be more pronounced for lower income groups.
The analysis conducted in this paper for the entire sample could be undertaken for various strata of society to examine the differential impacts of fuel price increases on consumption patterns and household welfare. Policymakers could use the information to formulate welfare strategies (e.g., having more income groups qualify for subsidized housing or food) and transportation policies (e.g., diverting funds to public transit enhancements) that would minimize the adverse impacts on the vulnerable segments of society. Ongoing research is focused on validating the results of this study with real-world data, conducting social equity comparisons across population subgroups, and exploring more disaggregate representations of expenditure categories.
APPENDIX A
For r s =1, Nesting parameters (θ) θ 1 for the nest containing housing, utilities, household maintenance, and business services and welfare activities is 0.771, t-statistic for θ 1 =1 is 29.09. θ 2 for the nest containing food, alcohol and tobacco products, and entertainment and recreation is 0.707, t-statistic for θ 2 =1 is 22.19. θ 3 for the nest containing clothing and apparel and personal care is 0.651, t-statistic for θ 3 =1 is 26.96. θ 4 for the nest containing new/ used vehicle purchase, gasoline and motor oil, vehicle insurance, and vehicle operation maintenance is 0.596, t-statistic for θ 4 =1 is 41.29.
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Goodness of fit
Log-likelihood at constants = -150,620; Log-likelihood at convergence (MDCEV model) = -146552.7; Log-likelihood at convergence (MDCNEV model) = -142,821.6 
